INTRODUCTION
Gastroesophageal reflux disease (GERD) involves gastroesophageal reflux of gastroduodenal contents, including gastric acid, bile, pepsin, and duodenal contents, which provokes tissue damage and inflammation in the normal mucous membranes of the esophagus, manifesting with clinical symptoms. 1 Reflux esophagitis is characterized by esophageal erosions and can result in complications, such as esophageal stricture, Barrett's esophagus, and esophageal adenocarcinoma. GERD has been associated with infiltration of inflammatory cells and expression of interleukin (IL)-8 in esophageal mucosa. 2 Proton pump inhibitors (PPIs) are used widely as an optimal treatment to treat reflux esophagitis. In addition, there is a medication that can reduce the inflammatory process effectively and improve symptoms of reflux esophagitis. The healing rate of erosive esophagitis was demonstrated 81% and 96% at 4 and This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
8 weeks in the patients receiving esomeprazole 40 mg, respectively. 3 Meanwhile, relief of symptoms was reported as a predictor of healing of erosive esophagitis in previous study. 4 Some patients with GERD fail to recover from erosive esophagitis or have continuing reflux symptoms, despite the use of PPIs. Thus, a new kind of drug is needed to treat patients with GERD. Rebamipide, a drug that stimulates the synthesis of prostaglandin and mucous glycoprotein, inhibits active oxygen, inflammatory cytokines and chemokines, and suppresses the activity of leukocytes, is recognized as a representative defensive medication against inflammatory processes.
5 In addition, a portion of reflux esophagitis patients have gastritis; 6 rebamipide, as an effective therapeutic agent for gastritis, led to effective symptomatic responses and improvement of endoscopic and histologic parameters in chronic gastritis patients with dyspepsia refractory to PPIs. 7 Rebamipide is a candidate drug for the reduction of inflammation in the esophageal mucosa of patients with GERD. Decreasing inflammation is believed to help maintain mucosal resistance of the esophagus. One study showed that IL-8 messenger RNA (mRNA) expression decreased significantly in the esophageal mucosa of patients taking rebamipide, compared with that of patients not taking rebamipide. 8 We hypothesized that rebamipide would help alleviate symptoms in patients with GERD. Because erosive esophagitis can exclude functional heartburn without the need for an ambulatory pH-impedance study, we included patients with erosive esophagitis in this study. And, we planned to use symptom relief as an indicator which estimates the treatment response in our study.
MATERIALS AND METHODS

Patients
This randomized, prospective, multicenter, and open-label trial was conducted in 18 hospitals in Korea, China, Thailand, and the Philippines. Patients with a diagnosis of reflux esophagitis were enrolled consecutively between November 2011 and April 2014. The study protocol was approved by the Institutional Review Board of each hospital and was registered with the University Hospital Medical Information Network (UMIN) Clinical Trial Registry as UMIN000005602.
Patients between the ages of 20 and 69 years were investigated for the presence of reflux symptoms. Endoscopy was performed only in patients with heartburn or acid regurgitation exceeding a frequency of two episodes per week. Erosive reflux esophagitis was diagnosed and classified according to the Los Angeles classification. 9 Endoscopic gastritis was evaluated by the endoscopic division of the Sydney System. 10 For Helicobacter pylori infection testing, the H. pylori status was defined if the urease test and histopathologic results were both negative or positive for infection. Representative endoscopic images were obtained and stored as digital files. The review of endoscopic pictures to determine eligible patients for enrollment was conducted by a single investigator (S.J.H.) to control for interobserver variability in the interpretation of reflux esophagitis and gastritis.
Patients were excluded if they were pregnant or lactating, were allergic to esomeprazole or rebamipide, had a serious comorbidity (e.g., cardiovascular disease, lung disease, hematological disease, endocrine disease, liver cirrhosis, end-stage renal disease, major psychiatric disease, or alcohol or drug addiction), were unwilling to participate, or had received PPIs, low-dose aspirin, or nonsteroidal anti-inflammatory drugs in the previous 1 month. The body mass index (BMI), smoking status, and alcohol use of each patient at baseline were recorded. All participants provided written informed consent.
Randomization and compliance
Random allocation lists (1:1 ratio) were generated by a computer program and distributed to each institution. Based on the tables, the subjects were randomly allocated to the experimental and control groups. According to the allocation, patient numbers were assigned and used by the investigators to describe the investigational products provided to the subjects by clinical trial pharmacists. At baseline, a sufficient supply of study medication was administered. The patients in the experimental group (Combination therapy group) received 40-mg esomeprazole strontium (Esomezol; Hanmi Pharmaceutical Co., Ltd., Seoul, Korea) and 300-mg rebamipide (Mucosta ® ; Korea Otsuka Pharmaceutical Co., Ltd., Seoul, Korea) for 4 weeks. The patients in the control group (E group) received 40-mg esomeprazole alone for the same period.
Compliance was calculated by the number of remaining capsules or tablets per drug type remaining after 4 weeks. If the drug compliance exceeded 80%, the data of the patient were included in outcome measurements.
Outcome measurements
The symptoms of the enrolled patients were evaluated at screening using a symptoms questionnaire, which assessed two reflux symptoms (heartburn and acid regurgitation) and four other digestive symptoms (epigastric pain, postprandial fullness, belching, and nausea). Each symptom was scored from 0 to 4 according to severity: none (no symptoms), mild (symptoms easily tolerated and did not last long), moderate (symptoms caused some discomfort but did not interfere with usual activities), severe (symptoms caused much discomfort and interfered with usual activities), or disabling (symptoms unbearable and interfered considerably with usual activities), respectively. The frequency was scored from 0 to 5: once a month or less, two to three times a month, once a week, two to three times a week, four to six times a week, or daily, respectively. The score for each symptom was calculated by multiplying its severity by its frequency. The total score for a patient was determined by the sum of the six symptom category scores and ranged from 0 (no symptoms) to 120 (severe symptoms) by the modified method of Fass. 11 The enrolled patients were supplied with a symptoms diary, and symptom improvement was assessed weekly over the 4-week period. The primary efficacy end point was the mean decrease in the total symptom score at 4 weeks after commencing the trial medication. The secondary efficacy end points included the mean decrease in the total symptom score at 2 weeks after commencing the trial medication, the change in reflux symptoms (heartburn and regurgitation) from baseline, and the proportion of patients with at least a 50% decrease in their symptom score compared with their baseline score.
Sample size and statistical analysis
We estimated a sample size of at least 442 to achieve a statistical power of 80% at a 5% significance level for a two-sided test, assuming that differences between groups in the means and the standard deviations of the total symptom scores would decrease by at least 4 and 15 points over the 4-week treatment period, respectively. Anticipating a 10% dropout rate, this study was designed to enroll 492 patients.
All analyses were performed based on an intention-totreat (ITT) or per-protocol (PP) model. Statistical analyses were performed using the two-sample t-test or paired t-test, where appropriate, for continuous data and the chi-square test for categorical data. All statistical analyses were performed using STATA version 11.0 (StataCorp, College Station, TX, USA).
RESULTS
Allocation of the patients
This trial was conducted from November 2011 to April 2014. A total of 545 patients were screened for eligibility: 44 failed the screening, while the remaining 501 were enrolled in this study and randomized. Among the 501 patients, 240 (the ER group) were randomized to receive 40-mg esomeprazole plus 300-mg rebamipide daily, while 261 (E group) received 40-mg esomeprazole daily. Seven patients with no record of investigational product administration due to loss at follow-up were excluded from the ITT population. Subsequently, 53 patients with withdrawal, drug discontinuation because of adverse events, poor compliance, lost to follow-up, or protocol violation were excluded from the PP population. Drug discontinuation by adverse events was observed between two treatment arms (1.7% in the ER group vs 1.2% in the E group). The severity of all adverse events was mild or moderate. No severe adverse events were reported during the study period.
As a result, 494 patients (237 in the ER group and 257 in the E group) were included in the ITT population, while the 441 patients (198 in the ER group and 243 in the E group) who completed the study were considered to be the PP population (Fig. 1) . Table 1 demonstrates the demographic and baseline characteristics of the two groups, which showed no differences in their characteristics. The mean age of the patients was similar between the two groups. Male patients accounted for approximately 60% of the subjects in each group. The mean body weight, height, and BMI were comparable between the two treatment groups. Clinical status at baseline was also comparable in both groups of the ITT patients. Both groups showed similar severity score proportions for reflux esophagitis, presence of endoscopic gastritis, and H. pylori infection.
Demographics and clinical characteristics
Primary efficacy end point
The mean total symptom score was similar in both arms at baseline and significantly decreased over the 4-week treatment period. The decrease in the total symptom score in the ER group (40-mg esomerazole plus 300-mg rebamipide daily) was significant after 4 weeks of treatment compared with that in the E group. The final mean decreases in the total symptom score at 4 weeks were estimated to be -18.1±13.8 in the ER group and -15.1±11.9 in the E group (p=0.011) (Fig. 2) .
Secondary efficacy end point
The mean decreases in the total symptom score after 2 weeks of treatment were -13.4±12.9 in the ER group and -10.6±10.4 in the E group (p=0.009) (Fig. 2) . Changes in reflux symptoms after 4 weeks of treatment, relative to baseline, in the ITT population were -8.4±6.6 in the ER group and -6.8±5.9 in the E group (p=0.009) (Fig. 3) . Two weeks after treatment, the proportions of patients who achieved reflux symptom relief of at least a 50% decrease from baseline were 61.4% in the ER group and 52.0% in the E group (p=0.044), respectively ( Table 2 ). Chi-square test. Fig. 2 . Change in the total symptom score from baseline. The reduction of the total symptom score in the rebamipide+esomeprazole group (ER group) was significant at 2, 3, and 4 weeks compared with that in the esomeprazole group (E group). *Statistically significant between the reduction score in the ER group and E group. 
DISCUSSION
GERD is an inflammatory disease caused by the reflux of contents from the stomach and proximal small intestine. 12, 13 Hydrogen ions and pepsin contribute to the reflux injury; pepsin degrades the junctional proteins that join cells together 14 and attacks vital proteins on the surface of epithelial cells. 15 The increased mucosal permeability due to peptic digestion of the junctional proteins induces transportation of hydrogen ions into the deep layers of the esophageal squamous epithelium. 14 Acidinduced epithelial injury promotes an inflammatory response, which is demonstrated histologically by inflammatory cells infiltrating the damaged esophageal mucosa. 16 Specific cytokines and chemokines are involved in esophageal mucosal immune and inflammatory responses. In reflux esophagitis, the involvement of proinflammatory cytokines, such as IL-1β, IL-8, and interferon-γ, was first reported by Fitzgerald et al., 17 who found that the severity of reflux esophagitis was correlated with the inflammatory cell infiltration score. The expression of IL-8 mRNA measured by real-time polymerase chain reaction correlated with the endoscopic grading of reflux esophagitis according to the Los Angeles classification. 2 Another study reported that the protein levels of IL-8, monocyte chemotactic protein-1, and regulated on activation normal T cell expressed and secreted were significantly higher in the esophageal mucosa of patients with reflux esophagitis compared with in normal subjects. 18 In addition to, PPI treatment decreased IL-8 levels in the esophageal mucosa, suggesting an important role for gastric acid in the induction of esophageal inflammation. A study conducted in rats demonstrated that inflammatory cytokines and neutrophils play an important role in the pathogenesis of experimental reflux esophagitis induced by gastroduodenal content reflux. 19 Oxygen-derived free radicals were also involved in the pathogenesis of esophageal mucosal injuries induced by experimental reflux esophagitis. 20, 21 Oxidative stress and oxidative DNA damage can develop in esophageal tissues and cells after short-term exposure to bile acids and low pH. 22, 23 These alterations may play a role in the pathogenesis of Barrett's esophagus and tumor transformation.
A major treatment modality for acid-related diseases, such as peptic ulcers and GERD, is PPIs. The mechanism of PPI action is inhibition of acid secretion via transportation of hydrogen ions out of parietal cells by blocking the H + , K + -ATPase in these cells. 24 As described above, inhibition of gastric acid production is important for preventing inflammation in the esophageal mucosa. Several adverse effects have been reported in subjects receiving long-term PPI therapy. [25] [26] [27] [28] Therefore, the key to PPI therapy seems to be a moderate dosage and duration of PPI administration. New drugs with other mechanisms are needed to treat GERD.
Rebamipide is a mucoprotective agent with anti-inflammatory effects due to stimulation of prostaglandin and mucous glycoprotein synthesis and inhibition of active oxygen, inflammatory cytokines and chemokines, and neutrophil activation. 5, 29 In an animal study, rebamipide protected against esophagitis development and reduced inflammatory mediators. 30 Rebamipide was
shown to reduce the adverse effects of omeprazole treatment, such as hypergastrinemia and morphological changes in the gastric mucosa of rats.
31
Few clinical studies have assessed the efficacy of rebamipide in GERD. One clinical study showed that rebamipide and lansoprazole combination therapy was highly effective for preventing the recurrence of symptoms during long-term maintenance treatment for reflux esophagitis. 8 Another study failed to show an advantage of rebamipide in terms of symptomatic improvement in patients with PPI-refractory nonerosive reflux disease (NERD). 32 Such a discrepancy in the results originates from differences in subject populations between studies. In the study of PPI-refractory NERD, the patients did not receive ambulatory pH monitoring, which could have bene used to exclude patients with functional heartburn. Thus, while the histologic and antiinflammatory benefits of rebamipide are conclusive, its advantage in terms of symptomatic improvement of GERD is not clear. Some studies have shown that inflammatory cytokines are involved in the pathogenesis of pain. 33, 34 IL-8 evokes hyperalgesia through a prostaglandin-independent mechanism. 33 Inflammatory cytokines, such as IL-8, in the esophageal mucosa may be related to the development of reflux symptoms in patients with GERD. Rebamipide-suppressed IL-8 production may affect control of reflux symptoms in these patients. Based on the background evidence, we designed this study to evaluate the efficacy of rebamipide and esomeprazole combination therapy during the initial therapeutic period of reflux esophagitis. In our results, rebamipide and esomeprazole combination therapy decreased symptoms more rapidly compared with esomeprazole alone in patients with reflux esophagitis. We evaluated typical reflux symptoms and other upper gastrointestinal symptoms in our patients. The changes in total symptom scores from baseline were significantly greater in the ER group than in the E group during the 4-week treatment period. Typi- cal reflux symptoms, including heartburn and regurgitation, also showed larger changes relative to baseline levels in the ER group. These results suggest that the combination of rebamipide and esomeprazole has a synergistic effect on symptom improvement in patients with reflux esophagitis. Further studies should investigate the mechanism of symptom improvement. This was the first large population-based, multinational, randomized study to evaluate the efficacy of combining rebamipide with esomeprazole in patients with reflux esophagitis. However, our study had several limitations, as follows. First, it was an open-label study. Second, our study did not include patients with NERD. Third, our assessment of outcomes focused only on symptom changes in the randomized patients of the two groups. Follow-up endoscopies analyzing the healing status of esophagitis were not performed in this study.
In conclusion, combination therapy consisting of rebamipide and esomeprazole was found to be superior to esomeprazole monotherapy for symptomatic treatment of reflux esophagitis in this study. Rebamipide can be considered a relevant and effective supplementary medication for patients with reflux esophagitis. Further studies are needed to support our results and to evaluate the effects of decreasing the therapeutic dose of PPIs with rebamipide supplementation for reflux esophagitis.
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